Introduction
Nature has provided us with efficient catalysts, the enzymes that 15 are able, through sophisticated strategies, achieving complex reactions or driving many biological processes. The highly efficient catalytic abilities of enzymes are due to cooperative interactions between accurately positioned functional groups present in their active sites. The mimicking of these abilities is 20 one of the challenges in the heterogeneous catalysis and great efforts, in fact, have been focused on the stable immobilization of mutually incompatible functional groups, as in enzymes, that can be able to perform multistep or consecutive reactions. The design of cooperative catalytic systems can be achieved through a well- 25 controlled multi-functionalization of inorganic supports such as mesoporous silica. The inorganic porous supports can host different and often incompatible catalytic functionalities separated at suitable molecular distances, such as acid and base groups, providing site isolation inside the inorganic network. The 30 spatial isolation of incompatible active organic groups that cannot coexist in solution is the key to produce bifunctional acid-base heterogeneous hybrid catalysts. Recently, many examples of bifunctionalized mesoporous catalysts have been reported, 1 in which acid and base functional groups, with different strength, 35 are hosted into the silica matrix such as amines combined together with silanols, 2,3 thiols, 4 ,5 ureas, 6, 7 heteropolyacids 8 or Lewis and Brønsted acids. [9] [10] [11] In most cases, the catalysts consist in bifunctionalized periodic mesoporous organosilica (PMO), [12] [13] [14] modified SBA-15 15 and mesoporous silica nanoparticles 40 (MSNs), 7, 10, 11, 16 having acid groups within the framework walls and base groups into the channel pores or vice versa. Bifunctional hybrid catalysts with PMO topology are also synthesized using bridged silsesquioxanes in which the organic linkers contain simultaneously acid and base active centers located in the same 45 builder. This approach has been verified through the use of disilane organosilyl precursors which contain ionic liquids as functional building units. [17] [18] [19] [20] Another strategy to produce acidbase bifunctional catalysts focuses on the use of acid sites derived from the inorganic support surfaces such as weak acid silanols in 50 silica, 21 Brønsted acid sites in silica-alumina 22 or aluminium tetrahedrally coordinated in the framework of the MMW layers in which the base moieties are also incorporated into the inorganic matrix. 23 Among the different synthetic strategies available to covalently 55 incorporate organic functional groups into the silica network, post-synthetic grafting and co-condensation processes are the most suitable. [24] [25] [26] The later approach, also referred as one-pot synthesis, has been the preferred route because of the easier single-pot synthetic protocol and better control of organosilane 60 loading joined to a more homogeneous distribution of active sites; in fact, the grafting method presents several drawbacks such as the partial blockage of the pores and undesired site-site interactions due to the supramolecular association of the silylated organic precursors. In the co-condensation method, the organic molecules can be integrated into the framework of ordered or non-ordered mesoporous silica using bis-silylated precursors. In the synthesis of acid-base functionalized ordered mesoporous silicas (OMS), 27 the presence of a surfactant, acting as structural directing agent (SDA), is necessary producing a ordered hybrid 70 heterogeneous catalyst, the SDA being removed without altering the properties of the organic moieties incorporated into the framework. To avoid the use of sophisticated and expensive SDAs, a sol-gel procedure catalyzed by NH 4 F using soft synthesis conditions, room temperature and neutral pH, can be 75 used to synthesize hybrid materials. Through this method, it should be possible to achieve mesoporous hybrid organicinorganic materials that, although they will not have long range order, will have accessible mesopores in a narrow pore size distribution and be thermally stable. 28-31 80 The synthesis of multifunctional hybrid materials containing both Brønsted acids and bases is not an easy task, due to the incompatible nature of these functional groups. Normally, the base sites are represented by amines that can be easily protected using di-tert-butyl-dicarbonate (BOC). 13, 32, 33 This strategy is commonly used for amino group protection during the acid treatment necessary to convert the organosiliceous precursor of 5 acid groups, usually thiols or disulfide moieties, into the corresponding sulfonic acids. Then, a deprotection of the amine groups by thermal treatment is needed to restore the base properties of the hybrid. 33 In this paper, ordered (OMS) and non-ordered bifunctional 10 mesoporous silica materials have been synthesized following grafting and co-condensation procedures, cohabiting in the final materials simultaneously proton sponge and sulfonic groups as organocatalytic units. Remarkably, during the synthesis process, it was avoided the post-synthesis protection and deprotection 15 procedure to preserve the base functionality. Specifically, 1,8-bis(dimethylamino)naphthalene (DMAN, scheme 1), a proton sponge, was used as organic builder base and 3-mercaptopropyltriethoxysilane (MPTES, scheme 1) as pending precursor of sulfonic acids located along the surface of the 20 mesoporous channels. The organic base may be a part of the solid network if the organosilane contains more than one silicon center, for this reason, DMAN has previously been modified in order to have two terminal reactive silyl groups able to perform cocondensation with a conventional organosilane (TMOS), through 25 sol-gel or micellar one-pot routes. This method has allowed introducing directly the functionalised DMAN builders into mesoporous silica walls by direct synthesis.
The bifunctional hybrid materials were extensively characterized and were investigated as reusable heterogeneous 30 catalysts for various one-pot C-C bond-forming cascade reactions such as deacetalization-Knoevenagel condensation or deacetalization-nitroaldol (Henry) reaction. 35 40 Scheme 1 Scheme of 1,8-bis(dimethylamino)naphthalene (DMAN) and 3-mercaptopropyltriethoxysilane (MPTES).
Experimental
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1. Synthesis of the silylated base precursor 1,8-bis(dimethylamino)naphthalene (DMAN) was functionalized with terminal silyl-alcoxide reactive groups, 34, 35 (see Fig.1SI for NMR characterisation of the silyl derived DMAN), obtaining 50 mono and bi-silylated DMAN precursors. In fact, to graft DMAN onto the wall of mesoporous silica, a mono-silylated precursor (DMAN-1Sil) is necessary, whilst two terminal reactive silyl groups (DMAN-2Sil) are needed to integrate the base organocatalysts into the framework of mesoporous material 55 through one-pot synthesis with conventional monosilane precursors (TMOS or TEOS), used as additional silicon sources, through sol-gel or micellar routes.
Synthesis of bifunctional mesoporous hybrids
Non-ordered bifunctional mesoporous hybrids
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Bifunctional acid-base non-ordered mesoporous hybrids were synthesized using a NH 4 F sol-gel co-condensation route at low temperature and neutral pH. 3-mercaptopropyltriethoxysilane (MPTES) was used to introduce thiol groups that can be converted in sulfonic acids into the hybrids. Tetramethyl Hydrolysis and condensation of the silicon precursors was carried out under vigorous stirring at 298K until gelation occurred. Then, the gel was aged at 36°C for 24h and finally 75 dried at 60°C for 24 h. In order to oxidize thiol groups to sulfonic acids, the obtained hybrids were stirred in 30% H 2 O 2 solution (30 ml) in N 2 atmosphere at 30ºC for 24h. With the objective to study the catalytic effect of surface silanol groups, silylated samples with non-ordered organosilica 80 framework were obtained. The bifunctional solids, synthesized following the details above described, were treated with a solution of hexamethyldisilazane (HMDS), as silylating agent, in dry toluene at 120ºC during 2 h, using a HMDS/SiO 2 ratio of 0.25. The obtained materials were filtered, washed with dry 85 toluene and finally dried at 60ºC.
Ordered bifunctional mesoporous hybrids
Bifunctional acid-base ordered mesoporous silica (OMS) hybrids were synthesized using a one-pot templated route at room 90 temperature. 36 Hexadecylamine (HDA) was used as structure directing agent (SDA). 3-mercaptopropyltriethoxysilane (MPTES) was used to introduce thiol groups that can be converted in sulfonic acids into the hybrids after an oxidation process.
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Tetraethylorthosilicate (TEOS), MPTES and disilylated-DMAN (DMAN-2Sil) were mixed in ethanol (80 ml) at 298K and vigorously stirred for 15 min. The template solution was prepared separately by dissolving 0.05 mol of HDA in a mixture of 80 ml water and 120 ml ethanol. The TEOS-MPTES-DMAN- The resulting gel mixture was allowed to react at room temperature for 24h, following which the solid product was obtain by filtration and air dried overnight at 60ºC. Template removal was achieved with ethanol in Soxhlet at 60ºC for 24h. In 110 order to convert thiol groups to sulfonic acids, the obtained hybrids were stirred in 30% H 2 O 2 solution (30 ml) in N 2 atmosphere at 30ºC for 24h.
The acronyms of the synthesized bifunctional hybrids are reported in The resulting gel mixtures were treated as in the case of onepot synthesis. HDA has been removed with Soxhlet extraction in ethanol at 60ºC for 24h. Before grafting the organic base 15 (DMAN-1Sil), the solids obtained were stirred with 30% H 2 O 2 solution (30 ml) in N 2 atmosphere at 30ºC for 24h, to oxidize thiol groups to sulfonic acids. The sulfonic functionalized hybrids were pretreated at 100ºC for 6h to remove absorbed water and then cooled at room temperature. Anhydrous toluene (40 ml) and 20 suitable amount of grafting agent (DMAN-1Sil, 1mmol) were added in N 2 atmosphere and stirred at 60ºC for 24h. Finally, the solids obtained were Soxhlet extracted with methylene chlorideethyl ether (1:1) for 24h to remove the un-reacted DMAN-1Sil molecules. The acronyms of grafted samples with different 25 DMAN and MPTES loadings are reported in Table 1 . Si) and FTIR spectroscopies. XRD analysis was carried out with a Philips X'PERT diffractometer equipped with a proportional detector and a secondary graphite monochromator. Data were collected stepwise 40 over the 2º ≤ 2θ ≤ 10º angular region, with steps of 0.02º 2θ, 20s/step accumulation time and Cu Kα (λ = 1.54178 Å) radiation. C, N and H contents were determined with a Carlo Erba 1106 elemental analyzer. Thermogravimetric and differential thermal analyses (TGA-DTA) were recorded in N 2 stream with a Metler 45 Toledo TGA/SDTA 851E instrument. Volumetric analyses were performed by N 2 adsorption isotherms at 77K with a Micromeritics ASAP2010. Before the measurements, the samples were outgassed for 12 hours at 100 º C. The BET specific surface area 37 was calculated from the nitrogen adsorption data in a 50 relative pressure range from 0.04 to 0.2. The total pore volume 38 was obtained from the amount of N 2 adsorbed at a relative pressure of ~ 0.99. External surface area and micropore volume were estimated with the t-plot method in the t range from 3.5 to 5. The pore diameter and the pore size distribution were obtained 55 following the Barret-Joyner-Halenda (BJH) method 39 on the adsorption branch of the isotherms. Transmission electron microscopy (TEM) micrographs were obtained with Philips CM10 with capacity to operate at 100KV.
Solid state MAS-NMR spectra were recorded at room 60 temperature under magic angle spinning (MAS) in a Bruker AV-400 spectrometer. The single pulse 29 Si spectra were acquired at 79.5 MHz with a 7 mm Bruker BL-7 probe using pulses of 3.5 s corresponding to a flip angle of 3/4  radians, and a recycle delay of 240 s for the 13 C cross-polarization (CP) spectra. A 7 mm
Bruker BL-7 probe was used at a sample spinning rate of 5 kHz. 13 C and 29
Si were referred to adamantane and tetramethylsilane, respectively.
FTIR spectra were obtained with a Nicolet 710 spectrometer (4 cm -1 resolution) using a conventional greaseless cell. Wafers of 70 ca.10 mg cm -2 were outgassed at room temperature, 100ºC, 200ºC and 400ºC overnight.
One-pot cascade reactions
The bifunctional hybrid catalysts were tested in a one-pot two 75 step reaction that involved an acetal hydrolysis followed by Knoevenagel or nitroaldol condensation. Before catalytic tests, all the catalysts were outgassed at 100°C for 12h to remove physisorbed water. In both types of cascade reactions, the samples were taken periodically, and the evolution of the reaction was followed by GC and GC-MS equipped with an Equity-5 column (30 m*0.25 100 µm *0.25 µm) and a FID as detector. For catalyst recycling studies, the solid was filtered and thoroughly washed with CH 2 Cl 2 after each run and then outgassed at 100°C for 12h to remove the adsorbed species.
Results and Discussion 1. Synthesis of bifunctional mesoporous hybrids Different synthetic methodologies were followed to produce bifunctional mesoporous hybrid materials. Initially, thiols groups, 10 the precursors of sulfonic acids, and DMAN base moieties were simultaneously introduced into the network of ordered (OMS) and non-ordered mesoporous silicas through a one-pot synthesis. More specifically, a micellar self-assembling process, in presence of surfactant molecules (HDA), and a sol-gel route, catalyzed by 15 NH 4 F as mineralizing agent in the absence of SDA, have been used to prepare ordered and non-ordered mesoporous hybrid materials, respectively, at room temperature. The soft synthetic conditions used allow binding covalently the functionalized organic fragments into the walls of ordered and non-ordered 20 inorganic silicas preserving the base properties of proton sponges in the resultant hybrids. In the case of ordered mesoporous silica synthesis, due to the instability of the strong base DMAN molecules in acid conditions, neutral long chains amine (HDA) has been choose as SDA for micellar self-assembly route, instead 25 of triblock copolymers, such as P123, that requires strong acid conditions during the synthesis. 36 In addition, the extraction of the SDA molecules in ordered mesoporous hybrid materials has been carried out using neutral ethanol solutions to preserve the DMAN moieties. In scheme 2, a representation of the two 30 processes used to synthesize the bifunctional hybrids are reported, the last step for both processes being the oxidation of the thiol groups in strong sulfonic acid sites by using a H 2 O 2 aqueous solution, without the use of strong acid solution that also would negatively affect the base properties of DMAN. 35 40 45 Scheme 2-One-pot synthesis of bifunctional mesoporous hybrids Additionally, DMAN base molecules were grafted through post-synthesis treatments, pending from the walls of ordered and non-ordered mesoporous silicas channels, after the transformation 50 of thiols into sulfonic acids, as reported in scheme 3. In this case, more post-synthesis steps (anchoring and oxidation processes) are involved in the preparation of the bifunctional hybrid mesoporous materials. 
Characterization of bifunctional mesoporous hybrids
The ordered mesoporous hybrid silicas (OMS) were characterized by XRD diffraction analysis (Fig. 1) . The pattern of the hybrids mainly exhibited the (100) reflection peak at low diffraction 75 angles which is typical of M41S mesoporous materials exhibiting short range hexagonal ordering. 36, 40 In the as-synthesized SO 3 H/OMS-5 (curve a) and surfactant-extracted SO 3 H/OMS-5 (curve b) are also visible the (110) peak due to the long-range order in the silica framework. Upon extraction of the HDA (curve 80 b), the d 100 peak increases in intensity due to a better ordering of the inorganic framework. The hexagonal order is maintained also after the post-synthetic grafting procedure (curve c) and after the oxidation of the thiol groups (curve d) in the bifunctional ordered OMS prepared with one-pot synthesis. The high intensity of the 85 (100) peak confirms the homogeneous structural order of the hybrid materials prepared using self-assembly micellar route. However, the reduced intensity of (110) and (200) Obviously, the non-ordered hybrid mesoporous materials, obtained by sol-gel process, do not show low-angle diffraction peak typical of M41S systems. observe the presence of mesopores, being appreciated an important inter-particle mesoporous contribution in the hybrid obtained by NH 4 F sol-gel route. The homogeneous mesoporous distribution is clearly appreciated in the hybrid solids synthesized by template assisted methodology. The presence of the organic moieties in the synthesized hybrid materials was evidenced by means of elemental analysis. In Table  2 , the C, H, N content and the calculated percentage in weight of the organic species present into the bifunctional hybrid materials 20 are reported. The organic content of the OMS hybrids is higher with respect to the one of the hybrids prepared with the sol-gel process, moreover in both the grafted-DMAN hybrids the organic content is higher respect the hybrids produced with one-pot synthesis.
25 Thermogravimetric analysis was performed in order to gain insight on the organic content, on the thermal stability of the inserted DMAN and sulfonic groups and on the hydrophobic/hydrophilic character of the hybrid materials. The weight loss (TGA) and their respective derivates (DTA) for the 35 one-pot non-ordered DMAN-SO 3 H/SiO 2 -5-5 and ordered DMAN-SO 3 H/OMS-5-5 are reported in Fig. 3 Section A. The first weight loss for the bifunctional hybrids is observed at around 80-150°C and can be associated to the removal of physisorbed water (I). The DTA curves reveal that the non-ordered DMAN- 40 SO 3 H/SiO 2 -5-5 is more hydrophilic than ordered DMAN-SO 3 H/OMS-5-5, i.e., has a larger amount of adsorbed water. At higher temperatures, flat weight loss profiles changed into a rapidly declining profile corresponding to the decomposition of the organic base (DMAN) and sulfonic acid groups. In particular, 45 the DTA curves reveal that DMAN decomposes between 300-430ºC (II) and sulfonic acids at ca. 500-550ºC (III). 41, 42 In fact, the DTA curves of SO 3 H/SiO 2 -5 and SO 3 H/OMS-5 (Section C, curves c and d) have evidenced that the alkyl-sulfonic acid groups decompose at ca. 500-550ºC (III). The presence of a weight loss 50 at this high temperature in the bifunctionalized hybrids confirms the complete oxidation of thiols into sulfonic groups. Moreover, in the case of SO 3 H/OMS-5 (Section C, curve d), a weight loss at around 350ºC is also visible, that can be associated with the decomposition of the residual of HDA molecules that were not 55 completely removed after the surfactant extraction. The DTA curves of grafted-DMAN hybrids (Section B, curves c and d) showed a minor weight loss at around 80-150° suggesting, a lower amount of physisorbed water with respect the one-pot bifunctional hybrids. In fact, in the grafted hybrids the 60 concentration of silanols should be lower due to the fact that the Si-OH groups are the locus on which the grafting of the base DMAN occurs. The second weight loss at around 300-430ºC is due to the organic DMAN base and the third peak at ca. 500-550°C, due to the decomposition of alkyl-sulfonic acid groups, 65 confirms that the acid properties are not altered by the postsynthetic grafting of the organic base. The organic content, calculated from the weight loss in the 150-430ºC range, due to the decomposition of the DMAN base, and in the 430-900ºC range, where sulfonic groups decomposed, is in agreement with 70 the results obtained by elemental analysis (Table 2) . Moreover, the hybrids prepared with sol-gel synthesis that present a lower organic content, have a higher degree of hydrophilicity. The chemical nature of the organic moieties present into the ordered and non-ordered hybrid mesoporous silicas has been 5 studied by 13 C-CP MAS NMR technique (Fig. 4) . The contribution of the DMAN, the organic base, and the MPTES, the precursor of pending sulfonic groups, was evidenced and also the oxidation of thiols into sulfonic groups upon the treatment with H 2 O 2 was confirmed. Specifically, the 13 C CP/MAS NMR spectra 10 of the bifunctional hybrids (Fig. 4, curves b- 43, 44 In addition, the peak assigned to C=O groups (158 ppm), and the signals due to C1 (61 ppm), C2 (22 ppm) and C3 (10 ppm) of the -CH 2 groups belonging to the terminal silyl fragments of the functionalized DMAN are also present (see the inset in Fig.4 for the labels of C atoms). 45 The presence of these 20 signals also confirms that the DMAN molecules were successfully functionalized. Concerning MPTES, in the spectrum of DMAN-MPTES/SiO 2 -5-5 hybrid (curve b), a signal at 27 ppm, typical of C1 and C2 carbons adjacent to the -SH groups is evident, confirming the presence of mercaptopropyl groups, 25 which are not present in the samples synthesized with only protonic sponge silyl-precursors (curve a); whilst the peak due to C3, that should appear at 11 ppm, is overlapped to the strong signal at 10 ppm due to the functionalized DMAN. Upon the oxidation with H 2 O 2 , necessary to convert thiols to suphonic 30 groups, the peak at 27 ppm disappeared and contemporarily new signals at 54 ppm, due to C1, and at 18 ppm due to C2 adjacent to the -SO 3 H groups, appeared (curves c-e), suggesting a complete oxidation of thiols in -SO 3 H groups. 41, 42, 46, 47 The signal due to sulfonic acids is also present after the grafting of the DMAN 35 organic base onto the mesoporous silica (curve e) and this confirms that the post-synthetic procedure used to graft the organic base does not affect the strong acid sites. Additionally, 29 Si MAS NMR spectra confirm that the DMAN fragments and MPTES are not only intact after the synthesis of 60 the bifunctional hybrids but are also incorporated covalently into the ordered and non-ordered porous network bounded to inorganic silica units. In fact, the 29 Si MAS NMR spectra of the bifunctional hybrids (Fig.5 curves b and c) exhibit bands from -50 ppm to -80 ppm assigned to T-type silicon (T 3 , T 2 and T 1 ) 65 species having a Si-C covalent bond, these signals being not present in the spectrum of siliceous material (curve a) synthesized for comparison, and then confirming that the hydrolysis and polycondensation of silylated-DMAN and MPTES occurs through reactive alkoxy terminal groups of the silylated moieties. In the 70 spectrum of DMAN-SO 3 H/SiO 2 -5-5 (curve b), it is possible to identify the T-bands corresponding to the T 1 (SiC(OH) 2 (OSi)), T 2 (SiC(OH)(OSi) 2 ) and T 3 (SiC(OSi) 3 ), whilst in the DMAN-SO 3 H/OMS-5-5 spectrum (curve c), only the band due to T 3 is visible, showing that more complete hydrolysis and poly-75 condensation of alkoxide terminal groups, present in the silane precursors, occur during the one-pot micellar route. In addition, three peaks at -92, -100 and -110 ppm are also present, due to Q 2 (Si(OH) 2 (OSi) 2 ), Q 3 (Si(OH)(OSi) 3 ) and Q 4 (Si(OSi) 4 ) silicon units respectively, 48 which are typical of highly siliceous 80 conventional mesoporous materials, associated to tetrahedrally coordinated silicon atoms conforming the solid network. The incorporation of the disilylated DMAN into the framework of non-ordered and ordered mesoporous silica is also confirmed by the comparison of 29 Si NMR spectra of the hybrids 85 with the pure disilylated DMAN (see inset of Fig.5 ). The DMAN2Sil exhibits one peak centered at -45 ppm typical of Si-C bonds. When the DMAN-2Sil builders are finally inserted into the silica framework, the signal due to silicon atoms bounded to carbon units shifted in the range -50 to -80 ppm, supporting the covalent 90 incorporation of the disilylated organic species into the silica framework. The integration of T and Q peaks in the 29 Si BD/MAS NMR spectra was performed to calculate the T/(Q+T) ratio and to evaluate the number of functionalized silicon atoms in the 95 hybrids ( Table 4 ). The Si func /Si tot ratio evidences that DMAN-SO 3 H/SiO 2 -5-5 has a higher amount of Si atoms functionalized by organic linkers (~11%) than DMAN-SO 3 H/OMS-5-5 (~7.7%). FTIR spectroscopy confirms unambiguously both the presence and integrity of organic DMAN and MPTES builders in the network of the bifunctional hybrid materials and the complete transformation of thiols into sulfonic groups. In fact, the weak band at 2570 cm -1 present in the spectrum of DMAN-10 MPTES/SiO 2 -5-5 (Fig.6, curve a) , due to the S-H stretching mode of thiol groups, disappeared upon the treatment with H 2 O 2 and a new the band at 1370 cm -1 due to the asymmetric stretching of S=O is formed (Fig. 6, curve b) , this signal is also present in the spectrum of SO 3 H/SiO 2 -5 system (curve c). 41, 42, 49 In addition, at 15 higher frequencies, the bands due to the C-H stretching of -CH 2 (2930 and 2855 cm -1 ) groups are present both in the spectra of bifunctional hybrids (curves a and b) and SO 3 H-SiO 2 (curve c). At lower wavenumber, the bifunctional hybrids (Fig. 6 , curves a and b), show a bands at 1530 cm -1 , associated to the stretching 20 mode of the aromatic C=C, and a band at 1690 cm -1 , due to the stretching mode of the carbonyl group present in the functionalized DMAN, these signals confirm the presence and the integrity of the proton sponge moieties into the bifunctional hybrids. 
3.Textural properties of the hybrid materials
The textural properties of the hybrids, measured by N 2 adsorption at 77K, are reported in Table 5 . In general, the BET specific surface area (SSA) of the non-ordered SiO 2 hybrids is lower than 50 the ordered-OMS materials. However, in the ordered hybrid materials, important differences are observed when DMAN moieties are introduced by co-condensation or post-synthetic grafting routes. When DMAN bridged silsesquioxane and MPTES are incorporated one-pot during the synthesis, the 55 isotherm obtained exhibits a shape more similar to the nonordered silica with inflexion point close to p/p º 0.5, showing a reduction in the homogeneous porosity and in the SSA when the two silane precursors are simultaneously incorporated into the framework. This behavior is probably due to the difficulty in 60 assembling the two types of silane precursors in a highly regular mesoporous structure during the one-pot synthetic route. On the contrary, if the DMAN precursors are grafted onto the mesopores of OMS or in absence of them, the hybrid materials show type IV isotherms, clearly representative of standard M41S materials, 65 with inflexion point at ca. p/pº 0.3. The non-ordered hybrid materials synthesized through fluoride-catalyzed sol-gel route, exhibit a more reduced porosity compared with the ordered materials, associated to tortuous and irregular mesoporous channels, in fact the isotherms present a reduced slope and 70 inflexion points at higher relative pressure (p/pº~0.5). It is important to remark that in all cases, the SSAs and pore volumes obtained are in the mesoporous range, being very small the microporous contribution (Table 4 ). The pore distribution of the hybrid samples (Fig.7B ) is narrow and the mean pore diameters 75 are centered at 28-30 Å. 
Catalytic activity in one-pot cascade reaction
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One-pot-two step processes that involved an acid-catalyzed acetal hydrolysis followed by a base-catalyzed Knoevenagel or nitroaldol (Henry) reactions were performed to investigate how the acid and base functionalities of the organic-inorganic hybrids cooperate synergistically. The first step is the deacetalisation of Pore diameter (A) B compounds (Henry reaction) are well-established and widely used in organic synthesis to produce important intermediates and end products for perfumes, pharmaceutical and polymers. [49] [50] [51] [52] [53] [54] However, in the case of Henry reaction, the selective formation of a nitroalkene (product 4 in scheme 5), using conventional strong 5 bases is difficult to achieve since the conjugate addition of the nitroalkane to the C-C double bond of the nitrolkene gives bisnitro compounds in a side reaction, therefore the synthesis of nitroalkenes often proceeds in poor yields due to their dimerisation or polymerization.
55-57
One pot-deacetalization-Knoevenagel reaction:
The Knoevenagel condensation is a facile and versatile route to the formation of carbon-carbon bonds. 58 It is a key reaction to synthesize important class of intermediates in the cosmetic and pharmaceutical industries 59 due to their properties as enzyme 15 inhibitors, antitumor, anti-inflammatory, and antibacterial agents. [60] [61] [62] [63] [64] Besides the importance of the Knoevenagel condensation as a synthetic organic method, another relevant characteristic of this reaction is its ability to measure the number and the relative strength of base active sites, by reacting a series 20 of methylenic compounds with different pK a values. 65 Thus, the Knoevenagel condensation between benzaldehyde and substrates with different pK a values (with distinct activated methylenic groups), such as malononitrile (MN, 3a) (pK a ≈7), ethyl cyanoacetate (ECA, 3b) (pK a ≈9), ethyl acetoacetate (pK a ≈11) and 25 diethyl malonate (DEM, 3c) (pK a ≈13) are extensively performed in order to characterize base catalysts.
Here, we compared the catalytic performance of acid-base catalysts synthesized following different strategies to carry out one-pot cascade reaction: acid-catalyzed first step, benzaldehyde 30 dimethyl acetal hydrolysis and, base-catalyzed second step, Knoevenagel reaction with different pK a substrates (Scheme 4). 35 
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Scheme 4-One-pot acetal hydrolysis-Knoevenagel condensation cascade reactions. 50 In Fig. 8 , the catalytic activity in the cascade reaction, using malononitrile as methylene compound, of the bifunctional nonordered DMAN-SO 3 H/SiO 2 -5-5 hybrid catalyst is reported. It is possible to observe the conversion of benzaldehyde 55 dimethylacetal (1) into benzaldehyde (2) that reacts through the consecutive Knoevenagel condensation with malononitrile (3a) to give the benzyilidene malononitrile (4a) as final product. The results showed that the tandem reaction was successfully performed since 97% yield of the final product with 100% 60 selectivity was achieved after 6h. Similar yields (≥ 95%) of the final product with 100% selectivity were observed for the other one-pot and grafted-DMAN ordered and non-ordered bifunctional hybrid catalysts (Table 6 ) at the same reaction time. A blank experiment without the heterogeneous catalyst was also 65 performed (entry 5, Table 6 ), and the results show that the cascade reaction does not occur in the absence of the hybrid catalyst. When MN is used as methylene compound, all the catalysts showed good and similar catalytic performances in the cascade reaction after 6h and no dependence of the synthesis 70 procedure can be evidenced. When ethyl cyanoacetate (3b) was used as methylene 95 compound instead of malononitrile in the cascade reaction, the non-ordered DMAN-SO 3 H/SiO 2 -5-5 reaches 98% yields of the final product (4b) with 100% selectivity (Table 7 , entry 1) after 7h, whilst 86% yield was obtained at the same reaction time using ordered DMAN-SO 3 H/OMS-5-5 as catalysts (Table 7 , entry 2).
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Lower yields of the final product were observed when grafted DMAN hybrids are used as catalysts (Table 7 , entries 3 and 4). Interestingly, it can be noted that if water is not added to the cascade reaction (Table 7 , entries 5 and 6) and the catalysts is not outgassed at 100ºC before the catalytic test, DMAN-SO 3 H/SiO 2 - OMS, as evidenced by TGA (Fig. 3A) . Finally, when only acid SO 3 H/OMS-5 or SO 3 H/SiO 2 -5 are used as catalysts, in the absence of any base groups, benzaldehyde is the sole product ( When a more demanding reactant, such as diethylmalonate (scheme 4, 3c) was used as methylene compound in the second step Knoevenagel condensation, the bifunctionalized hybrids behave differently and the catalytic activity strictly depends on the synthesis procedure adopted in the generation of the hybrid 35 catalysts, as was also evidenced when ECA was used. In particular, non-ordered bifunctional DMAN-SO 3 H/SiO 2 -5-5 shows higher yields at different reaction time with 100% selectivity ( also react with a variety of nucleophiles, and constitute powerful dienophiles to Diels-Alder reactions. The classic route to produce nitroalkenes is the base-catalyzed aldol condensation of nitroalkanes also named nitroaldol or Henry 68 reaction and provides β-nitroalcohols which, upon dehydration, afford 60 nitroalkenes. Different base catalysts have been used which influence the nature of the products obtained; among them, organic bases such as primary amines and ammonium acetate have been successfully used. Here we tested the catalytic activity of the synthesized bifunctional hybrids in the one-pot 65 deacetalization-nitroaldol reaction (scheme 5). In this case, in the second step, benzaldehyde (2) reacts with nitromethane (3) giving the 2-nitrovinyl benzene (4) as final product. Similarly to the reaction that involved in the second step a Konevenagel condensation, the bifunctional non-ordered DMAN-SO 3 H/SiO 2 - 70 5-5 hybrid catalyst ( Table 9 , entry 1) shows better catalytic conversions towards the final product (4) respect to the other hybrid materials. In particular, grafted-DMAN hybrid materials showed poor activities ( The catalytic performances of the different bifunctional 5 hybrids in the one-pot cascade reactions have evidenced a superior activity of the non-ordered acid-base hybrid mesoporous materials with respect to the other hybrids especially when, in the second step, a more demanding methylene compound, such as DEM or nitromethane are involved. This superior activity could 10 be inferred by the higher structural flexibility of the non-ordered silica network and by the higher amount of silanol groups that can perform a cooperative electrophilic activation, although its specific surface area is lower than the exhibited by the ordered-OMS materials.
2,69,70 The beneficial effect of silanol groups is 15 clearly confirmed through silylation of hybrid samples with nonordered silica structure, where the surface Si-OH groups are deactivated by pending silyl-methyl moieties on the walls. 71 In fact, the silylated solids have shown reduced catalytic activities with final yields to desired product (4) lower than 15% after 24 h 20 of reaction.
In the case of grafted-hybrids, the catalytic activity observed is lower with respect to the one-pot hybrid materials. It is, in fact, difficult to achieve a homogeneous distribution of the organic groups when post synthetic grafting is used and moreover, if the 25 grafting reagents react preferentially at the pore openings during the initial stages of the synthesis process, the diffusion of further molecules into the centre of the pores can be hampered. 69, 72 In addition, also the densely packed organic base moieties that greatly reduce the percentage of silanols (as evidence by TGA 30 analysis) can affect negatively the catalytic activity of these hybrids. The probability of such aggregation effects is reduced in the one-pot synthesized hybrids and thus hybrid catalysts with spatially well isolated acid and base groups can be achieved. 35 
Catalytic reuses:
Catalyst deactivation and reusability was studied by recycling the used hybrid catalysts after each run, being consecutively washed with CH 2 Cl 2 . The yields of the recycled catalysts in the one-pot acetal hydrolysis-Knoevenagel condensation cascade reaction with ethyl cyanoacetate after 10h 40 of reaction are presented in Fig. 9 . It can be observed that the one-pot hybrid catalysts can be recycled with only slight loss in activity during three consecutive catalytic cycles. More marked decrease in the activity after the 3 rd run is observed when grafted hybrids were used as catalysts. No leaching of the organic 45 functionalities was observed by performing elemental analysis on the used one-pot hybrids (Table 1 in SI) , whilst a more evident loss in the N content is observed for the grafted-DMAN hybrids. 
Conclusions
Bifunctional acid-base mesoporous hybrid catalysts containing 70 simultaneously strong base and acid groups have been successfully synthesized and used in consecutive catalytic transformations. Different synthetic procedures to generate ordered and non-ordered bifunctional hybrids have been used: one-pot co-condensation processes (NH 4 F sol-gel or micellar 75 one-pot route) or post-synthetic grafting of the organic functionalities.
1,8-bis(dimethylamino)naphthalene (DMAN), a proton sponge with high pK a , was used as organic functional builder base and 3-mercaptopropyltriethoxysilane (MPTES) as pending 80 precursor of sulfonic acids which were obtained by oxidation of thiol groups using H 2 O 2 without protection of the DMAN base molecules. The characterisation of the hybrids has revealed that the organic base and the sulfonic acids are preserved inside the mesoporous silica network providing strong base and acid 85 properties to the hybrid materials. These hybrid catalysts were tested in the one-pot-two step processes that involved an acidcatalyzed acetal hydrolysis followed by a base-catalyzed Knoevenagel or nitroaldol (Henry) reactions. In particular, nonordered hybrid, prepared by NH 4 F catalyzed one-pot route, has 90 shown higher catalytic activity with respect to the other hybrids especially when, in the second step, a more demanding methylene compound, such as DEM or nitrometane are involved. This superior activity could be inferred by the higher structural flexibility of the non-ordered silica network and by the higher 95 amount of silanol groups that can perform a cooperative electrophilic activation. The successful cohabitation of acid and base groups inside the channels of mesoporous non-ordered organosilica materials and the good catalytic performances observed by this hybrid catalyst, have evidenced that a facile 100 synthetic route (a fluoride-catalysed sol-gel process, at neutral pH and low temperatures, without the use of SDAs) can be followed to produce highly active bifunctional hybrid catalysts and that this synthetic strategy can open the way to the rational design of novel types of multifunctional hybrid materials. Table 1 shows the organic content of the fresh mesoporous 20 bifunctional hybrids and after the 3 th catalytic run estimated by elemental analysis. See DOI: 10.1039/b000000x/
